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[ OVER-VOLTAGE CROWBAR FOR 
LIGHTNING SURGE AND ESD 
PROTECTION] 

Background of Invention 

[0001 ] FIELD OF INVENTION 

[0002] The present invention relates to protection circuits. More particularly, the present 
invention relates to the protection circuit of an integrated circuit. 

[0003] BACKGROUND OF THE INVENTION 

[0004] An over-voltage protection circuit is typically used in an integrated circuit to 

protect the integrated circuit from lightning surge and ESD (electric static discharge). 
Referring to Figure 1 , an over-voltage crowbar connects with a protected circuit in 
parallel. When the surge voltage is introduced into the circuit, the over-voltage 
crowbar clamps the voltage under the absolute maximum value to avoid the circuits 
from over-voltage breakdown. Figure 2 shows a traditional crowbar circuit. If the 
surge voltage in the Vcc is higher than the zener voltage (Vz) of a zener diode 3 1 , a 
clamping transistor 35 is driven to clamp the voltage in Vcc. Since the energy of the 
surge voltage in the Vcc is reduced instantly by the clamping transistor 35, a fast 
response is needed. Furthermore, a low Rds-on (turn-on impedance from drain to 
source) of the clamping transistor 35 is required. The Rds-on can be calculated as 

2 

follows: Ids - K x [( Vgs Vt) x Vd (V ds / 2)] K = cr x (W / L) Rds-on = Vds / Ids = 
L / {W x a x [(Vgs - Vt) - (Vds/2)]}(1) In the above equations, Vds is a drain-to- 
source voltage, Vgs is a gate-to-source voltage, Vt is a threshold voltage, a is the 
product of mobility and oxide capacitance/unit, W is the width of a transistor, and L is 
the length of the transistor. 
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[0005] According to Equation (1), we find that the Rds-on is proportional to the Vds and 
inversely proportional to the Vgs. In order to gain a low Rds-on, the clamping 
transistor 35 needs a higher Vgs when Vds is high. Unfortunately, the surge voltage in 
the Vcc creates a high Vds for the clamping transistor 3 5 and a higher Rds-on. In 
addition, an existing negative feedback phenomenon restricts the response time and 
impedance of the Rds-on. Referring to the Equation (1), Vgs is correlated to the Vds, 
where Vgs = Vds~Vz. Therefore, even when a bigger size of the clamping transistor 
35 and the Zener diode 31 are used in Figure 2, it is still hard to obtain a fast 
response and the low impedance performance. 

Summary of Invention 

[0006] This invention provides an over-voltage crowbar for lightning surge and ESD 
protection. The over-voltage crowbar comprises a Zener diode, a mirror amplifier 
(mirror-amp), two resistors, a speed-up capacitor and a clamping transistor. 

[0007] Once the surge voltage in Vcc is higher than the Zener voltage, the mirror-amp is 
driven to generate an amplified voltage. The amplified voltage works together with the 
speed-up capacitor that easily turns on the clamping transistor. Two resistors are 
used for grounding the input of the mirror-amp and the input of the clamping 
transistor respectively to ensure that the mirror-amp and the clamping transistor are 
off in the normal condition. The mirror-amp includes an n-transistor and two p- 
transistors, which provide sufficient headroom to drive the clamping transistor on. 

[0008] Advantageously, the over-voltage crowbar of this invention rapidly drives the 

clamping transistor to low impedance; thereby achieving improved sustenance rating 
for lightning surge and ESD in the integrated circuit. 

[0009] It is to be understood that both the foregoing general description and the 

following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 

Brief Description of Drawings 

[0010] The accompanying drawings are included to provide a further understanding of 
the invention, and are incorporated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, together with the description, 
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serve to explain the principles of the invention. In the drawings, 

[001 1] Fig. 1 shows the connection of the over-voltage crowbar and a protected circuit 
thereof; 

[001 2] Fig. 2 shows a traditional crowbar circuit; 

[001 3] Fig. 3 schematically shows an over-voltage crowbar for lightning surge and ESD 
protection according to one embodiment of the present invention; 

[0014] Fig. 4 shows an over-voltage crowbar for lightning surge and ESD protection 
according to another embodiment of the present invention; 

[001 5] Fig. 5 shows an alternative of the Zener diode according to a preferred 
embodiment of the present invention; 

Detailed Description 

[0016] Fig. 3 schematically shows an over-voltage crowbar for lightning surge and ESD 
protection according to one embodiment of the present invention. The over-voltage 
crowbar comprises a Zener diode 5 1 , a mirror-amp 40, a clamping transistor 69, a 
speed-up capacitor 65, a first resistor 53 and a second resistor 68. The mirror-amp 
40 includes an n-transistor 55, a first p-transistor 60 and a second p-transistor 62. 

' ° 1 ' J The Zener diode 51 is connected between an input Vcc and the input of the 

mirror-amp 40. The input of the mirror-amp 40 is connected to a first resistor 53 
connected to ground to ensure that the mirror-amp is switched off during the normal 
operation condition. The output of the mirror-amp 40 is coupled to the gate of the 
clamping transistor 69. A second resistor 68 connected to the gate of the clamping 
transistor 69 is grounded to make sure the clamping transistor 69 is in an off state 
under the normal operation condition. When the input surge voltage in Vcc is higher 
than the Zener voltage (Vz) of the Zener diode 5 1 , the voltage of (Vcc-Vz) drives the 
mirror-amp 40 on. In the mean time, the output of the mirror-amp 40 switches on 
the clamping transistor 69, while the output voltage of the mirror-amp 40 is close to 
the voltage in Vcc. Thus, this high voltage output of the mirror-amp 40 will drive the 
drain-to-source impedance of the clamping transistor 69 to the lowest impedance. 
The gate of the n-transistor 55 is connected to the input of the mirror-amp 40. The 
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drain of the n-transistor 55 and the first p-transistor 60, and the gate of the first p- 
transistor 60 and the second p-transistor 62 are coupled together to establish the 
amplifier. The source of the n-transistor 55 is grounded. The source of the first p- 
transistor 60 and the second p-transistor 62 are connected to the Vcc. The drain of 
the second p-transistor 62 is connected to the output of the mirror-amp 40, which is 
also coupled to the gate of clamping transistor 69. Because the switch-on status of 
the second p-transistor 62 is pulled down by the n-transistor 55, enough headroom 
is given for the second p-transistor 62 to output the voltage close to the voltage in 
Vcc. The speed-up capacitor 65 connected between the gate of second p-transistor 
62 and the ground accelerates the turn-on speed of the clamping transistor 69 when 
a surge voltage is introduced into the Vcc. Fig. 4 shows another embodiment of the 
present invention, in which the speed-up capacitor 65 is connected between the 
source and the drain of the second p-transistor 62. Referring to Fig. 5 for an 
alternative of the Zener diode 51, a number of transistors are connected in series to 
provide an upper limit voltage for the over-voltage threshold. Although the upper 
limit voltage is not accurately compared to the Zener voltage, the accuracy is sufficient 
for many applications. 

[001 8] As described above, the over-voltage crowbar of the present invention improves 
the lightning surge and ESD sustenance rating for the integrated circuit. 

[001 9] It will be apparent to those skilled in the art that various modifications and 

variations can be made to the structure of the present invention without departing 
from the scope or spirit of the invention. In view of the foregoing, it is intended that 
the present invention cover modifications and variations of this invention provided 
they fall within the scope of the following claims and their equivalents. 
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